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(54) Support casing for a steering shaft 

(57) A shaft support structure (2) comprising, (a) art 
elongated shell (11) having interior surfaces (14) which 
define a hollow interior (17)- and (b) a plurality of rein- 
forcing ribs (20) of plastic material located within the hol- 
low interior (17) of the shell (11), at feast a portion of the 
reinforcing ribs (20) are in abutting relationship (23) with 
the interior surfaces (14) of the shell (11 ), the reinforcing 



ribs (20) defining a longitudinal passage (41) through 
the elongated shell (11) for receiving and supporting a 
rotatable shaft (47), the reinforcing ribs (20) being fix- 
edly attached to the elongated shell (11), and preferably 
formed by molding, e.g., injection molding, of plastic ma- 
terial onto the interior surfaces (14) of the elongated 
shell (11). 



Figure 2 



1 EP 1 251 057 A2 2 



Description 

DESCRIPTION OF THE INVENTION 

[0001] The present invention relates to a shaft support 
structure, which includes an elongated shell having a 
hollow interior, and a plurality of reinforcing ribs of plastic 
material located within the hollow interior of the shell. 
The reinforcing ribs are fixedly attached to the shell, and 
define a longitudinal passage through the shell for re- 
ceiving and supporting a rotatable shaft, e.g., a steering 
shaft, therein. 

[0002] Rotatable shafts, such as automotive steering 
shafts and actuating shafts used in aircraft, typically 
must be supported along at least a portion of their 
length. Support of a rotatable shaft is generally neces- 
sary for reasons which include, stabilization of the shaft, 
e.g., minimizing flexing of the shaft during operation, 
lessening or minimizing the support load requirements 
on that which drives the shaft and that which is driven 
by the shaft, and protecting the shaft from damage. 
[0003] In, for example, the transportation industry (e. 
g., the automotive and aircraft industries) it is desirable 
to minimize the weight of the vehicle or aircraft in an 
effort towards maximizing fuel efficiency. The total 
weight of a vehicle or aircraft can be reduced by reduc- 
ingthe weight of its components. However, it is generally 
required that the strength and rigidity of a component 
not be compromised as the weight of the component is 
reduced. 

[0004] It is known that a component having a unitary 
molded plastic structure, formed for example by injec- 
tion molding, can have reduced weight relative to an 
equivalent component fabricated from metal. However, 
unitary molded plastic parts typically have lower 
strength and rigidity compared to equivalent parts fab- 
ricated from metal. 

[0005] It wou Id be desirable to develop a shaft support 
structure that has reduced weight. It is also desirable 
that the shaft support structure have, in addition to re- 
duced weight, good strength and rigidity. 
[0006] United States Patent No. 5,190,803 describes 
a lightweight structural component having high strength 
and rigidity, which includes a bowl-shaped shell, e.g., 
fabricated from metal, and injected-on plastic reinforc- 
ing ribs located within the interior of the shell. The plastic 
reinforcing ribs are described in the '803 patent as being 
connected to the shell at discrete connecting points by 
means of perforations in the shell through which the 
plastic extends and in which the edges of the perfora- 
tions are embedded. The '803 patent does not describe 
structural components that support internally a separate 
component passing through the interior of the structural 
component. 

[0007] In accordance with thepresent invention, there 
is provided a shaft support structure comprising: 

(a) an elongated shell having interior surfaces 



which define a hollow interior; and 
(b) a plurality of reinforcing ribs of plastic material 
located within the hollow interior of said shell, at 
least a portion of said reinforcing ribs being in abut- 

5 ting relationship with the interior surfaces of said 
shell, said reinforcing ribs defining a longitudinal 
passage through said elongated shell for receiving 
and supporting a rotatable shaft, and said reinforc- 
ing ribs being fixedly attached to said elongated 

10 shell. 

[0008] In further accordance with the present inven- 
tion, the shaft support structure comprises: 

is (a) an elongated shell having interior surfaces 
which define a hollow interior, said shell having a 
plurality of perforations having edges; and 
(b) a plurality of reinforcing ribs of plastic material 
located within the hollow interior of said shell, at 

20 least a portion of said reinforcing ribs being in abut- 
ting relationship with the interior surfaces of said 
shell, said reinforcing ribs defining a longitudinal 
passage through said elongated shell for receiving 
and supporting a rotatable shaft, 

25 

wherein said reinforcing ribs are formed by molding, e. 
g., injection molding, of plastic material onto the interior 
surfaces of said shell, and a portion of the plastic mate- 
rial of said reinforcing ribs extends through at least some 
30 of said perforations of said shell, the edges of said per- 
forations being embedded in the plastic material extend- 
irrgtherethrough, thereby attaching fixedly said reinforc- 
ing ribs to said shell. 

[0009] The features that characterize the present in- 
35 vention are pointed out with particularity in the claims, 
which are annexed to and form a part of this disclosure. 
These and other features of the invention, its operating 
advantages and the specific objects obtained by its use 
will be more fully understood from the following detailed 
40 description and accompanying drawings in which pre- 
ferred embodiments of the invention are illustrated and 
described. 

[0010] Unless otherwise indicated, all numbers or ex- 
pressions, such as those expressing structural dimen- 
45 sions, quantities of ingredients, etc. used in the specifi- 
cation and claims are understood as modified in all in- 
stances by the term "about." 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

[0011] 

Figure 1 is a perspective view of a shaft support 
structure according to the present invention; 
55 Figure 2 is a perspective view of the shaft support 
structure of Figure 1 , in which the shaft support 
structure has been rotated 180° around its longitu- 
dinal axis; 
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Figure 3 is a sectional representation of perforation 
edges embedded in the plastic material extending 
therethrough; 

Figure 4 is a sectional representation of plastic em- 
bedded perforation edges, in which the plastic ma- 
terial defines a substantially plastic lined aperture; 
Figure 5 is a sectional representation of deformed 
perforation edges embedded in the plastic material 
extending therethrough; and 
Figure 6 is a sectional representation of deformed 
perforation edges embedded in the plastic material 
extending therethrough. 

[0012] In Figures 1 through 6, like reference numerals 
designate the same components and structural fea- 
tures. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] Referring now to Figures 1 and 2 of the draw- 
ings, there is shown shaft support structure 2 according 
to the present invention, which includes an elongated 
shell 11 having substantially opposing sidewalls 26 and 
27, and base 28. Elongated shell 11 has interior surfac- 
es 14 which define a hollow interior 17. More specifically, 
it is the interior surfaces of sidewalls 26, 27 and base 
28 that define hollow interior 1 7. A plurality of reinforcing 
ribs 20 are located within the hollow interior 17 of elon- 
gated shell 11 . A portion 23 of reinforcing ribs 20 abuts 
interiorsurfaces 14 of elongated shell 11 (i.e., reinforc- 
ing ribs 20 are not continuous with shell 1 1 ). Reinforcing 
ribs 20 define a longitudinal passage 41, having a lon- 
gitudinal axis 44, through interior 1 7 of elongated shell 
11. 

[0014] Reinforcing ribs 20 are.depicted in Figure 1 as 
having an X-like configuration. It is to be understood that 
the scope of the present invention is inclusive of other 
configurations, e.g., curved or arc configurations and/or 
parallel configurations. In an embodiment of the present 
invention, reinforcing ribs 20 form of a series of parallel 
ribs, which abut internal surfaces 14 of shell 11, and 
which have an open U-shaped configuration (not 
shown). The open portion of the U-shaped configuration 
of the reinforcing ribs is opposite of base 28, and defines 
an open longitudinal passage (not shown) through the 
interior of the elongated shell of the shaft support struc- 
ture. 

[0015] Shaft support structure 2 also includes a first 
plastic reinforcing end plate 65 having an aperture 66 
therein, and a second plastic reinforcing end plate 68 
having an aperture 67 therein. Apertures 66 and 67 are 
substantially axially aligned with and serve to further de- 
fine longitudinal passage 41 . End plates 65 and 68 are 
substantially opposed one from the other, and at least 
a portion of each abuts interiorsurfaces 14 of elongated 
shell 11. 

[0016] A rotatable shaft 47 is received in longitudinal 
passage 41 . Shaft 47 may be rotatably supported within 



longitudinal passage 41 by at least one of: (i) the rein- 
forcing ribs 20; (ii) bushings, e.g., plastic bushings, (not 
shown); and (iii) rolling bearing means. Aperture 66 of 
first end plate 65 has rolling bearing means 74 therein, 

s which rotatably supports shaft 47. Shaft support struc- 
ture 2 may include additional rolling bearing means 74, 
e.g., within longitudinal passage 41 and aperture 67 of 
second end plate 68. Rolling bearing means that may 
be used in the present invention include those that are 

10 known to the skilled artisan , and typically include a hous- 
ing, e.g., a plastic housing, and metal ball bearings (not 
shown) which engage rotatably with shaft 47. 
[0017] Elongated shell 1 1 of shaft support structure 2 
may be fabricated from materials selected from metal, 

15 thermoset plastic material, thermoplastic material and 
combinations thereof. In a preferred embodiment of the 
present invention, elongated shell 11 is fabricated from 
metal. Metals from which shell 1 1 may be fabricated in- 
clude, but are not limited to, ferrous alloys, aluminum 

20 alloys and titanium alloys. 

[0018] As used herein and in the claims the term "ther- 
moset piaster material" means plastic materials having 
a three dimensional crosslinked network resulting from 
the formation of covalent bonds between chemically re- 

25 active groups, e.g. , active hydrogen groups and free iso- 
cyanate groups. Thermoset plastic materials from which 
elongated shell tt may be fabricated include those 
known to the skilled artisan, e.g., crosslinked poly- 
urethanes, crosslinked polyepoxides and crosslinked 

30 polyesters. Of the thermoset plastic materials, 
crosslinked polyurethanes are preferred. Shell 11 may 
be fabricaterlfrom crosslinked polyurethanes by the art- 
recognized process of reaction injection molding. Reac- 
tion injection molding typically involves, as is known to 

35 the skilled artisan, injecting separately, and preferably 
simultaneously, into a mold: (i) an active hydrogen func- 
tional component (e.g., a polyol and/or polyamine); and 
(ii) an isocyanate functional component (e.g., adiisocy- 
anate such as toluene diisocyanate, and/or dimers and 

40 trimers of a diisocyanate such as toluene diisocyanate). 
The filled mold may optionally be heated to ensure and/ 
or hasten complete reaction of the injected components. 
Upon complete reaction of the injected components, the 
mold is opened and the molded article, e.g., shell 1 1 , is 

45 removed. 

[0019] As used herein and in the claims, the term 
"thermoplastic material" means a plastic material that 
has a softening or melting point, and is substantially free 
of a three dimensional crosslinked network resulting 

so from the formation of covalent bonds between chemi- 
cally reactive groups, e.g., active hydrogen groups and 
free isocyanate groups. Examples of thermoplastic ma- 
terials from which elongated shell 11 may be fabricated 
include, but are not limited to, thermoplastic poly- 

55 urethane, thermoplastic polyurea, thermoplastic polyim- 
ide, thermoplastic polyamide, thermoplastic polyamide- 
imide, thermoplastic polyester, thermoplastic polycar- 
bonate, thermoplastic polysulfone, thermoplastic 
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polyketone, thermoplastic polypropylene, thermoplastic 
acrylonitrile-butadiene-styrene and mixtures or thermo- 
plastic compositions containing one or more thereof. Of 
the thermoplastic materials from which shell 11 may be 
fabricated, thermoplastic polyamides are preferred. 
Shell 11 may be fabricated from thermoplastic materials 
by the art-recognized process of injection molding, in 
which a molten stream of thermoplastic material, e.g., 
molten thermoplastic polyamide, is injected into a mold, 
e.g., an optionally heated mold. Upon cooling the filled 
mold, the molded article, e.g., shell 11, is removed. A 
preferred thermoplastic material from which shell 11 
may be fabricated is thermoplastic polyamide, e.g., DU- 
RETHAN thermoplastic polyamide, commercially avail- 
able from Bayer Corporation. 

[0020] The thermoset plastic materials and/or ther- 
moplastic materials from which shell 11 may be fabricat- 
ed, may optionally be reinforced with a material selected 
from glass fibers, carbon fibers, boron fibers metal fibers 
and mixtures thereof. The reinforcing fibers, and the 
glass fibers in particular, may have sizings on their sur- 
faces to improve miscibility and/or adhesion to the plas- 
tics into which they are incorporated, as is known to the 
skilled artisan. Glass fibers are a preferred reinforcing 
material in the present invention. If used, the reinforce- 
ment material, e.g., glass fibers, is typically present in 
the thermoset plastic materials and/or thermoplastic 
materials of elongated shell 11 in a reinforcing amount, 
e.g., in an'amount of from 5 percent by weight to 60 per- 
cent by weight, based on the total weight of shell 11 . 
[0021] The plastic material of reinforcing ribs 20 of 
shaft support structure 2 may be selected from thermo- 
set plastic materials, thermoplastic materials and com- 
binations thereof. The thermoset plastic materials from 
which reinforcing ribs 20 may be fabricaled include 
those described previously herein, e.g., crosslinked 
polyurethanes. In a preferred embodiment of the 
present invention, the plastic of reinforcing ribs 20 is a 
thermoplastic material selected from thermoplastic 
polyurethane, thermoplastic polyurea, thermoplastic 
polyimide, thermoplastic polyamide, thermoplastic 
polyamideimide, thermoplastic polyester, thermoplastic 
polycarbonate, thermoplastic polysulfone, thermoplas- 
tic polyketone, thermoplastic polypropylene, thermo- 
plastic acrylonitrile-butadiene-styrene and mixtures or 
thermoplastic compositions containing one or more 
thereof. A preferred thermoplastic material from which 
reinforcing ribs 20 may be fabricated is thermoplastic 
polyamide, e.g., DURETHAN thermoplastic polyamide, 
commercially available from Bayer Corporation. 
[0022] Plastic reinforcing ribs 20 of shaft support 
structure 2 may optionally be reinforced with a material 
selected from glass fibers, carbon fibers, boron fibers, 
metal fibers and mixtures thereof. The reinforcing fibers, 
as described previously herein , may be surface treated, 
e.g., with sizings, prior to incorporation irrto the plastic 
material of the reinforcing ribs. A preferred reinforcing 
material for use in the reinforcing ribs of the present in- 



vention are glass fibers. If used, the reinforcement ma- 
terial, e.g., glass fibers, is typically present in the ther- 
moset plastic materials and/or thermoplastic materials 
of ribs 20 in a reinforcing amount, e.g., in an amount of 
5 from 5 percent by weight to 60 percent by weight, based 
on the total weight of ribs 20. 

[0023] The plastic materials of shell 1 1 and reinforcing 
ribs 20 may each independently further contain one or 
more functional additives other than or in addition to re- 

10 inforcing materials. Additives that may be present in the 
plastic material of the shell and/or the reinforcing ribs of 
the shaft support structure include, but are not limited 
to, antioxidants, colorants, e.g., pigments and/or dyes, 
mold release agents, fillers, e.g., calcium carbonate, ul- 

15 traviolet light absorbers, fire retardants and mixtures 
thereof. Additives may be present in the plastic material 
of the shell and/or the reinforcing ribs in functionally suf- 
ficient amounts, e.g. , in amounts independently from 0.1 
percent by weight to 1 0 percent by weight, based on the 

20 total weight of the plastic material of shell 11 or ribs 20. 
[0024] The reinforcing ribs of the shaft support struc- 
ture are prepared by the art recognized processes of 
reaction injection molding (In the case of thermoset plas- 
tic materials), and injection molding (in the case of ther- 

25 moplastic materials, as described previously herein. In 
a preferred embodiment of the present invention, rein- 
forcing ribs 20 form a continuous unitary structure within 
the hollow interior17of shell 11. Reinforcing ribs 20 hav- 
ing a continuous unitary structure are typically formed 

30 in a single mold/Reinforcing ribs 20 may be molded into 
a continuous unitary structure which is then inserted into 
hollow interior 17 and attached to shell 1 1 . Alternatively, 
reinforcing ribs 20 may be formed into a continuous uni- 
tary structure by molding of plastic material directly onto 

35 interior surfaces 14 of shell 11, as will be described in 
further detail herein. In a particularly preferred embodi- 
ment of the present invention, reinforcing ribs 20 with 
first reinforcing end plate 65 and second reinforcing end 
plate 68 together form a continuous unitary structure 

40 within the hollow interior 17 of shell 11. 

[0025] Reinforcing ribs 20 may be fixedly attached to 
shell 11 by attachment means selected from fasteners, 
adhesives, snap connections and combinations thereof. 
Examples of fasteners that may be used in the present 

45 invention include, but are not limited to, screws, e.g., 
sheet metal screws, nuts and bolts, and metal rivets. Ad- 
hesives that may be used include those that are known 
to the skilled artisan, e.g., epoxy resin based adhesives. 
Snap connections are typically formed by pushing the 

so enlarged rounded head of a cylindrical extension (not 
shown), extending outwardly from abutting portions 23 
of reinforcing ribs 20, through a matched flexible perfo- 
ration in shell 1 1 (not shown). The rounded head of the 
cylindrical extension has a diameter greaterthan that of 

55 the matched perforation, and the cylindrical shaft of the 
extension has a diameter that is typically equivalent to 
the diameter of the perforation. Upon pushing the en- 
larged rounded head of the extension through the 
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matched perforation, the perforation closes back around 
the shaft of the extension, thus fixedly attaching rein- 
forcing ribs 20 to shell 11 . 

[0026] In a particularly preferred embodiment of the 
present invention, the elongated shell of the shaft sup- 
port structure has a plurality of perforations having edg- 
es. Reinforcing ribs 20 are preferably formed by injec- 
tion molding of plastic material onto the interior surf aces 
14 of elongated shell 11 , and a portion of the plastic ma- 
terial of reinforcing ribs 20 extends through at least 
some of the perforations of shell 11 (as represented by 
attachment heads 53 in Figures 1 and 2). The edges of 
the perforations are embedded in the plastic material ex- 
tending therethrough, thereby fixedly attaching reinforc- 
ing ribs 20 to shell 1 1 . 

[0027] Sectional representations of attachment points 
or elements formed by the passage of injected on plastic 
through perforations in elongated shell 11 are depicted 
in Figures 3, 5 and 6. Attachment element 3 of Figure 3 
comprises portion 23 of reinforcing ribs 20 which abuts 
interior surface 14 of sidewall 26 of shell 11 . A portion 
of the plastic material of abutting portion 23 extends 
through perforation 80 of sidewall 26, is continuous with 
attachment head 53, and embeds edge portions 83 of 
perforation 80 in the plastic material extending there- 
through. Perforations 80 of sidewall 26 may have any 
desired configuration, e.g., round, square, rectangular, 
ellipsoid or slotted. 

[0028] At least some of the perforations in the elon- 
gated shell of the shaft support structure may have de- 
formed edges, which are embedded in the plastic ma- 
terial extending therethrough, in an embodiment of the 
present invention. The deformed edge portions of the 
perforation may be formed during or after formation of 
the perforation. When the shell is fabricated from plastic 
materials, the deformed edges of the perforations may 
be formed during molding of the shell. When the shell is 
fabricated from metal, the deformed edges of the perfo- 
rations are typically formed by means of metal fabricat- 
ing techniques, such as metal punches, as is known to 
the skilled artisan. 

[0029] Referring to Figure 5, attachment element 4 
comprises abutting portion 23 of reinforcing ribs 20, 
which extends through perforation 89 of sidewall 26 and 
is continuous with attachment head 77 (which is sub- 
stantially flush with the exterior surface 92 of sidewall 
26). Perforation 89 has deformed edge portions 86, 
which are embedded in the plastic material extending 
therethrough. The deformed edge portions 86 of perfo- 
ration 89 are directed inward towards the hollow interior 
17 of shell 11. Perforations having deformed edge por- 
tions, such as perforation 89, may have any desired con- 
figuration, e.g., round, square, rectangular, ellipsoid or 
slotted. 

[0030] Attachment element 5 of Figure 6 comprises 
abutting portion 23 of reinforcing ribs 20, which extends 
through perforation 78 of sidewall 26 and is continuous 
with attachment head 53. Perforation 78 has deformed 



edge portions 87, which are embedded in the plastic ma- 
terial extending therethrough. The deformed edge por- 
tions 87 of perforation 78 are directed outward, away 
from the hollow interior 17 of shell 11. 
5 [0031] In an embodiment of the present invention, the 
plastic material extending through the perforations and 
embedding the edges of the perforations, also defines 
a substantially plastic lined aperture in the elongated 
shell of the shaft support structure. The plastic lined ap- 
10 erture may be of any desired shape, e.g., circular, ellip- 
soid, square, rectangular or slotted. With reference to 
Figure 2, apertures 59 in base 28 of shell 11 are lined 
with plastic material extending from reinforcing ribs 20 
to open attachment heads 62. With reference to Figure 
15 4, attachment element 6 comprises plastic reinforced 
ribs 20 which extend through original aperture 58 in 
base 28 and are continuous with open attachment head 
62. Original aperture 58 has edge portions 86 that are 
embedded in the plastic material extending there- 
to through. The plastic material extending through original 
aperture 58 defines plastic lined aperture 59. 
[0032] The process of injecting thermoplastic materi- 
al, or reaction injection of thermoset plastic materials on- 
to the interior surfaces of the elongated shell of the shaft 
25 support structure involves using the shell as a portion of 
the mold in which the reinforcing ribs are formed. Plastic 
materials that.are molded onto the interior and/or onto 
the exterior surfaces of the elongated shell are referred 
to herein and in the claims as "molded on plastic mate- 
as rials" and similarterms. 

[0033] With reference to Figure 1, typically, a first 
mold portion (not shown) is inserted down into the hol- 
low interior 1 7 in abutting relationship with interior sur- 
faces 14 of shell 11. The inserted first moid portion and 
35 interior surfaces 14 of shell 11 together define a contin- 
uous cavity into which molten thermoplastic material, is 
injected to form reinforcing ribs 20, and reinforcing end 
plates 65 and 68. Optionally, second mold portions (not 
shown) may be placed in abutting relationship with the 
*o exterior of shell 11 and over the perforations in shell 11 
to form attachment heads 53. 

[0034] The longitudinal passage of the shaft support 
structure is preferably formed concurrently with the mold 
formation of the reinforcing ribs. With reference to Fig- 

45 ures 1 , 2 and 4, this may be achieved by further inserting 
third mold portions (not shown) into interior 1 7 through 
apertures 58 (depicted in Figure 4 and discussed previ- 
ously herein) in base 28 of shell 1 1 . The first mold portion 
inserted down into interior 17, the third mold portions 

so inserted into interior 1 7 through apertures 58, and inte- 
rior surfaces 14 of shell 11 together define: (i) a contin- 
uous cavity into which plastic material, e.g., molten ther- 
moplastic material, is injected to form reinforcing ribs 20; 
and (ii) excluded cavities (into which injected plastic ma- 

55 terial does not invade) which serve to form or define lon- 
gitudinal passage 41 . 

[0035] In an embodiment of the present invention, at 
least a portion of the interior and/or exterior surfaces of 
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the elongated shell of the shaft support structure are 
covered with a layer of molded on plastic material, e.g., 
a thermoset plastic material and/or a thermoplastic ma- 
terial, preferably a thermoplastic material, such as ther- 
moplastic polyamide. A covering of molded on plastic 
material can serve to protect the elongated shell, for ex- 
ample, from corrosion, in the case when the shell is fab- 
ricated from metal. 

[0036] In a further embodiment of the present inven- 
tion, a portion of the exterior surface of the elongated 
shell of the shaft support structure is covered with exte- 
rior molded on plastic material that is continuous with 
the reinforcing ribs, and which serves to further fixedly 
attach the ribs to the shell (in addition to the molded on 
plastic material extending through perforations in the 
shell). With further reference to Figures 1 and 2, side- 
walls 26 and 27 of shell 1 1 each have laterally outwardly 
extending flanges 32 and 29, respectively. Plastic ma- 
terial extends over and around each of flanges 29 and 
32 (as represented by attachment elements 35 and 36 
in Figures 1 and 2). The plastic material of attachment 
elements 35 and 36 may be continuous with reinforcing 
ribs 20, end plate 65 and end plate 68, and serves, to 
further fixedly attach reinforcing ribs 20 along with rein- 
forcing end plates 65 and 68 to elongated shell 1 1 . With 
further reference to Figure 2, attachment elements 35 
and 36 wrap around flange 29 and abut the exterior of 
sidewall'27 by means of abutting foot portions 12 and 
1 5, respectively. 

[0037] When the reinforcing ribs are fixedly attached 
to the shell of the shaft support structure by means of 
molded on plastic extending through perforations inthe 
shell, additional attachment means may be used. Such 
additional optional attachment means may be selected 
from fasteners, adhesives, snap connections and com- 
binations thereof (as described previously herein). 
[0038] When the shaft support structure of the present 
invention includes at least one rolling bearing means, 
the rolling bearing means may be supported within the 
longitudinal passage by a plastic boss. Preferably, the 
plastic boss is continuous with the reinforcing ribs. The 
plastic boss is further preferably formed concurrently 
with the formation of the reinforcing ribs by molding, e. 
g., injection molding, of plastic material onto the interior 
surfaces of the shell. The plastic boss is typically in the 
form of a plastic tubular sleeve into which the rolling 
bearing means, e.g., rolling bearing means 74 of shaft 
support structure 2 of Figures 1 and 2, is inserted. 
[0039] The shaft support structure of the present in- 
vention may be used to support a wide range of rotatable 
shafts, e.g., drive shafts, screw shafts and steering 
shafts. In an embodiment of the present invention, the 
shaft support structure is a steering column, e.g., for use 
in an automobile, and the shaft supported therein is a 
rotatable steering shaft. When used as a steering col- 
umn, shaft support structure 2 of Figures t and 2 would 
typically be fastened, e.g., by means of a bracket (not 
shown), to a support structure, e.g., a cross car beam, 



within the passenger compartment of an automobile 
(not shown). One end of shaft 47, e.g., the end extend- 
ing out from end plate 65, would be attached to a steer- 
ing wheel (not shown), and the other end, e.g., the end 
5 extending out from end plate 68, would be attached to 
the steering mechanism of the front wheels of the auto- 
mobile (not shown). 

[0040] At least a portion of the shaft support structure 
may optionally be irreversibly longitudinally collapsible. 
10 This is particularly desirable when the shaft support 
structure is used as a steering column in an automobile. 
In the event that the automobile sustains a front end col- 
lision, it is preferred that the steering column collapse 
irreversibly forward along its longitudinal axis, to mini- 
's mize impact between the steering wheel and the driver. 
The collapsible portion of the shaft support structure 
may, for example, include at least one of the following: 
thinner shell wall sections; slotted or perforated shell 
wall sections; reticulated or accordion-like shell wall 
20 sections; thinner plastic reinforcing ribs; and plastic re- 
inforcing ribs that do not contain reinforcing materials, 
such as glass fibers. 

[0041] Shaft support structure 2 of Figures 1 and 2 
has an irreversibly longitudinally collapsible section 71 . 

25 Collapsible portion 71 includes large apertures 56 in 
sidewalls 26 and 27 of shell 1 1 . The large apertures 56 
in sidewalls 26 and 27serveto allow shaft supportstruc- 
ture 2 to irreversibly collapse along its longitudinal axis 
44, in response to a severe impact directed substantially 

30 along axis 44. 

[0042] Steering columns in many automobiles are re- 
versibly adjustable ortiltable along a vertical axis that is 
substantially perpendicularto the longitudinal axis of the 
steering column. Such a reversible tilt adjustment allows 

35 the driver to position the steering wheel for improved 
ease of operation. Tilt adjustment of a steering column 
typically involves operating a separate mechanism, e. 
g., a rake adjustment mechanism, that abuts an exterior 
portion of the steering column, as is known to the skilled 

40 artisan. A rake adjustment plate is typically located on 
the exterior portion of the steering column that abuts the 
rake adjustment mechanism. The rake adjustment plate 
may be grooved to allow graduated tilt adjustment of the 
steering column. 

45 [0043] Inanembodimentofthepresentinvention.and 
with reference to Figure 1 , the steering column support 
structure 2 is a steering column and has a plastic rake 
adjustment plate 38 fixed to the exterior of sidewall 26 
of shell 11 . Rake adjustment plate 38 may be fixedly at- 

so tached to the exterior of sidewall 26 by attachment 
means selected from fasteners, adhesives, snap con- 
nections and combinations thereof (not shown). Prefer- 
ably, rake adjustment plate 38 is formed by molding, e. 
g., injection molding, of plastic material onto the exterior 

55 surface of sidewall 26 of shell 1 1 . A portion of the molded 
on plastic material of rake adjustment plate 38 extends 
through perforations in sidewall 26 (not shown), and em- 
beds the edges of the perforations in the plastic, thereby 
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fixedly attaching rake adjustment plate 38 to sidewall 26. 
The plastic material of rake adjustment plate 3B, which 
fixedly extends through perforations in sidewall 26, may 
optionally be continuous with reinforcing ribs 20. Rake 
adjustment plate 38 may be molded on to sidewall 26 
either prior to, concurrently with, or after the molded on 
formation of ribs 20 on interior surfaces 14 of shell 11 . 
[0044] The present invention has been described with 
reference to specific details of particular embodiments 
thereof. It is not intended that such details be regarded 
as limitations upon the scope of the invention except in- 
sofar as and to the extent that they are include in the 
accompanying claims. 



Claims 

1 . A shaft support structure comprising: 

(a) an elongated shell having interior surfaces 
which define a hollow interior; and 

(b) a plurality of reinforcing ribs of plastic mate- 
rial located within the hollow interior of said 
shell, at least a portion of said reinforcing ribs 
being in abutting relationship with the interior 
surfaces of said shell, said reinforcing ribs de- 
fining a longitu dinal passage through said elon- 
gated shellfor receiving and supporting a rotat- 
able shaft, and said reinforcing ribs being fix- 
edly attached to said elongated shell. 

2. The shaft support structure of Claim 1 wherein said 
shell is fabricated from a material selected from 
metal, thermoset plastic material, thermoplastic 
material and combinations thereof . 

3. The shaft support structure of Claim 2 wherein said 
shell is fabricated from metal. 

4. The shaft support structure of Claim 1 wherein the 
plastic material of said reinforcing ribs is selected 
from thermoset plastic materials, thermoplastic ma- 
terials and combinations thereof. 

5. The shaft support structure of Claim 4 wherein the 
plastic material of said reinforcing ribs is a thermo- 
plastic material selected from thermoplastic poly- 
urethane, thermoplastic polyurea, thermoplastic 
polyimide, thermoplastic polyamide, thermoplastic 
polyamideimide, thermoplastic polyester, thermo- 
plastic polycarbonate, thermoplastic polysulfone, 
thermoplastic polyketone, thermoplastic polypro- 
pylene, thermoplastic acrylonitrile-butadiene-sty- 
rene and thermoplastic compositions containing 
one or more thereof. 

6. The shaft support structure of Claim 1 wherein said 
plastic material of said reinforcing ribs is reinforced 



with a material selected from glass fibers, carbon 
fibers, boron fibers, metal fibers and mixtures there- 
of. 

s 7. The shaft support structure of Claim 1 wherein said 
reinforcing ribs are fixedly attached to said shell by 
attachment means selected from fasteners, adhe- 
sives, snap connections and combinations thereof. 

10 8. The shaft support structure of Claim 1 wherein said 
reinforcing ribs form a continuous unitary structure 
within the hollow interior of said elongated shell. 

9. The shaft support structure of Claim 1 further corn- 
's prising within said longitudinal passage at least one 

rolling bearing means for rotatably supporting said 
shaft. 

10. The shaft support structure of Claim 1 wherein said 
20 shaft support structure is a steering column and 

said rotatable shaft is a rotatable steering shaft. 

11. The shaft support structure of Claim 10 wherein at 
least a portion of said shaft support structure is ir- 

25 reversibly longitudinally collapsible. 

12. The shaft supportstructure of Claim 10 further com- 
prising a rake adjustment plate fixed to the exterior 
of a side wall of said shell, said rake adjustment 

30 plate comprising plastic material. 

13. A shaft support structure comprising: 

(a) an elongated shell having interior surfaces 
35 which define a hollow interior, said shell having 

a plurality of perforations having edges; and 

(b) a plurality of reinforcing ribs of plastic mate- 
rial located within the hollow interior of said 
shell, at least a portion of said reinforcing ribs 

40 being in abutting relationship with the interior 

surfaces of said shell, said reinforcing ribs de- 
fining a longitudinal passage through said elon- 
gated shell for receiving and supporting a rotat- 
able shaft, 

45 

wherein said reinforcing ribs are formed by molding 
of plastic material onto the interior surfaces of said 
shell, and a portion of the plastic material of said 
reinforcing ribs extends through at least some of 
so said perforations of said shell, the edges of said per- 
forations being embedded in the plastic material ex- 
tending therethrough, thereby attaching fixedly said 
reinforcing ribs to said shell. 

55 14. The shaft support structure of Claim 13 wherein 
saidshell is fabricated from a material selectedfrom 
metal, thermoset plastic material, thermoplastic 
material and combinations thereof. 
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15. The shaft support structure of Claim 14 wherein 
said shell is fabricated from metal. 

16. The shaft support structure of Claim 13 wherein at 
least a portion of at least one of the interior surfaces 
and exterior surfaces of said shell are covered with 
a layer of molded on plastic material. 

17. The shaft support structure of Claim 16 wherein at 
least a portion of the exterior surface of said shell 
is covered with exterior molded on plastic material, 
the exterior molded on plastic material is continuous 
with the plastic material of said reinforcing ribs, and 
further fixedly attaches said ribs to said shell. 

18. The shaft support structure of Claim 13 wherein the 
plastic material extending through and embedding 
said edges of said perforations defines substantially 
plastic lined apertures in said elongated shell. 

19. The shaft support structure of Claim 13 wherein 
said reinforcing ribs are further fixedly attached to 
said shell by attachment means selected from fas- 
teners, adhesives, snap connections and combina- 
tions thereof. 

20. The,shaft support structure of Claim 13 wherein the 
plastic material of said reinforcing ribs is selected 
from thermoset plastic materials, thermoplastic ma- 
terials and combinations thereof. 



through. 

25. Theshaftsupportstructureof Claim 13furthercom- 
prising within said longitudinal passage at least one 

5 rolling bearing means for rotatably supporting said 
shaft. 

26. The shaft support structure of Claim 25 wherein 
said rolling bearing means is supported within said 

10 longitudinal passage by a plastic boss, said plastic 
boss being continuous with said reinforcing ribs and 
being formed concurrently with the formation of said 
reinforcing ribs by molding of plastic material onto 
the interior surfaces of said shell. 

15 

27. The support shaft structure of Claim 13 wherein 
said support shaft structure is a steering column 
and said rotatable shaft is a rotatable steering shaft. 

20 28. The shaft support structure of Claim 27 wherein at 
least a portion of said shaft support structure is ir- 
reversibly longitudinally collapsible. 

29. Theshaftsupportstructureof Claim28furthercom- 
25 prising a rake adjustment plate fixed to the exterior 
of a side wall of said shell, said rake adjustment 
plate comprising plastic material and being formed 
by molding of plastic material onto the exterior sur- 
face of said side wall of said shell. 



21. The shaft support structure of Claim 20 wherein the 
plastic material of said reinforcing ribs is a thermo- 
plastic material selected from thermoplastic poly- 
urethane, thermoplastic polyurea, thermoplastic 35 
polyimide, thermoplastic polyamide, thermoplastic 
polyamideimide, thermoplastic polyester, thermo- 
plastic polycarbonate, thermoplastic polysulfone, 
thermoplastic polyketone, thermoplastic polypro- 
pylene, thermoplastic acrylonitrile-butadiene-sty- 40 
rene and thermoplastic compositions containing 
one or more thereof. 

22. The shaft support structure of Claim 13 wherein 
said plastic material of said reinforcing ribs is rein- 45 
forced with a material selected from glass fibers, 
carbon fibers, boron fibers, metal fibers and mix- 
tures thereof. 



23. The shaft support structure of Claim 13 wherein so 
said reinforcing ribs form a continuous unitary struc- 
ture within the hollow interior of said elongated 
shell. 



24. The shaft support structure of Claim 13 wherein at 
least some of said perforations have deformed 
edge portions, and said deformed edge portions are 
embedded in the plastic material extending there- 
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Figure 3 
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Figure 6 
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